SOME CASES OF ABNORMAL ARM STRUCTURE IN
RECENT CRINOIDS.

By Avstiy Hovarr (Chagk,

Of the Uniled States Burcau of Pistieries.

Several cazes of abnormal arm structure among the recent erinoids,
especially the comatulids. have been recorded by Dendy. Bateson,
W. B. and P. TL. Carpenter, Chadwick, and Sars: and it is the object
of the present paper to put on record some additional cases which
have recently come under the author’s observation.

Rhizocrinus lofotensis M. Sars.  Although Sars has =hown that
this species in the Lofoten Islands varies in the number of its arms
from four to seven (recording. out of a total of seventy-five speci-
mens, thirty-two with four, six. and seven arms. and forty-three with
the norimal five) those recorded from the American side of the Atlan-
tic have all been five-armed. I have a specimen hefore me, however,
from .1lbatross Station No. 2666, 30° 177 30" north latitude, 79°
497 00" west longitude (between the Bahamas and Ciape Fear. North
Carolina), 270 fathoms, which has six arms, showing that this varia-
tion, though comparatively rare, does occur on the American coast.

Pocilometra acela (P, H. Cavpenter). The only specimen of this
species which was dredged by the _1/batross off southern Japau has
a third costal inserted between the normal two on one
of the rays (fig. 1). as was the case in a specimen of
Thavmatometra alternata dvedged by the Challenger
just north of New Guinea. The radials in this speci-
men are entirely hidden by the centro-dorsal. M.

N . B . . - . F1c. 1. - PEcILo-
Frank Springer. in his monograph on Cintacrinns, -~ 000 00
ures a specimen of 7. socialis (Plate 1. fig. 2) with  costan seris
o . 3 - WITH INTERCA-
four costals on one ray, an additional patr being in- L0 0
serted Detween the normal costals and the first bra-
chials; from the shape and proportions of these additional costals
in {his specimen one might almost infer that they were united by
syzvey, in which case the costal series would be directly comparable
to the distichal series in comatulids with 4 (3 - 1) distichals: the
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presence of 4 (3 4 1) costals has only onee been detected. but there is
no reason to believe that it does not more or less commonly occur.
Himerometra stylifor (Ao 1L Clark).  (Fig. 2.) .\ specimen of
this species from Kagoshima Bay. Japan. has one arm (arising on the
inner side of an exterior palmar axillary) which divides at the sixty-
fourtl free brachial: this axillary joint bears a pin-
unle on the left side: on itx distal faces it bears two bra-
chials. that on the right =ide hearing a pinnule exter-
nallv. that on the left with none: these are followed
cach by a svzyeial paiv. which. like the preceding joints,
are interiorly nunited: that of the left-hand side bears
Fro. 2 HIMERO oy pinnmle on its interior distal coruer: the following
epw pixtan joints on each arm are normal. and bear pinnules
AEEPIVEIOS alternately. as usnal. except that the pinule of the
second joint bevond the syvzygial pair on the left side 15 only

visible in ventral view. heing forced from its nsual position by the
basal joints of the pinnule of the left syzygial pair. which have
cgrown fast to it= lateral border.  In a dorsal view, it is scen that the
left-hand arm coutinues the arm anterior to the axiblary forward
almost in a steaight line. while the vight is at a considerable angles
this is especially evident from an examiuation of the ambulacrum on
the ventral side of the arm. From the presence of a pinnuie on the
axillary and on the opposite side one of the following joints, it s
clear that this is an arm division in no way homologous to the arm
division resulting from a costal ov palmar series: the shape of the
joints following thix axillary also shows them to be distal hrachials,
and the tuberele alway s present at the junc-
tion of a livst and =ccond brachial i this
species s Tacking. Tt scems to be best in
tevpreted as a case of arue splitting. where
one of the distal brachial= has. for =ome
cause or other. divided (leaving it~ pinnule
on the half opposite to the pinnule of the
preceding joint. now become an axillary) :
the next joints (a svzyveaial pair) have be-
come =eparated =till more (only one of them

¥ii. 3. «CHARITOMETRA IMBRI-

bearing a pinnule). while from here onwavrd  ¢qa snowise tiree sve-
sach of these =vzyeial pairs bears a per- CEEDING PINNULES ON THE

3 SRAME SIDE OF THE ARM.
fectly developed arm.

Charitomctra imbricata (=Autcdon grawelifera P HL Carpenter
1888, not . Lutedon grawulifera Ponrtales ISTS=Comatula brevipinna
Pourtales 1869=_tutcdon ponrtalesi P. 1L Carpenter 1888).  (Iig.
3.)  In this =pecimen the third and fouwrth brachials are not
nnited by svzvev. as usual in an arm springing from a costal axillary,
and the fourth brachial, instead of heaving a pinnule on the opposite
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side from the second, as would be the caze were the third and fourth
united by syvzygy. bears it on the same side, as is always the case when
the second and third and third and fourth brachials arve united by
muscular articulation.  But the third brachial is peenliar in l)(\:n‘iu:br
a pinnnle on the same side as those of the second and fourth instead
of on the opposite side.

Heliometra tanneri (Hartlaub). (Fig. +) A\ specimen of this
species in the collection of the University of California. for the privi-
lege of examining which I am indebted to the kindness of Prof. W. E.

Ritter, is peenliar in having an additional first and second brachial
on one arm, inserted between the costal axillary and the normal first
and =econd brachial.  This interpolated pair of
brachials 1s. in veality, « distichal seiies, but with the
niore distal of the pair not an axillary. following the
costal axillary. the joints may be described as follows:
First. a first brachial. apparently in every way nor-
mal: then a second brachial. but of the type belonging
to the opposite arm of the pair.and therefore bearing
the pinnule inferiorly instead of exteriorly. follow-
ing this is a normal first brachial. sncceeded by a
normal-second brachial, and the suceeeding brachials — Fri 4 —1eLioye
as usual.  This is interesting in being the only ease in T8 TA¥TEE L
the thousands of specimens of =pecies of this genus — witn THE Figet
which T have examined in which a distichal series was ~ § 50 PRACHE

REPEATED.

present : and in this case it does not result in an extr:

arm. as the joint, which is in reality the distichal axillary. bears a pin-
nile instead of the normal arm. Tt strongly suggests that the power
of producing a distichal series and additional arms. latent in many
ten-armed species of different genera. and in the case of .Alufedon
bifida even in genera belonging to the same family, ix quite absent
m Leliometra.

Heliometra marima (A. H. Clark). (Fig. 5.) In a previous
paper I restricted the family Antedonide. making it equivalent to
the = Tenella ™ and * Eschrichti ™ eroups of Dr. P. 11 Carpenter.
and the genus Piomachocrinns as vedefined by Minckert—that is,
including only the species kerguelensis and ranhoffenianis. This
was done on the basis of arm and pinnule structure and the strncture
of the distal radial fuces. T placed Promachocrinns (vestricted)
next to Heliometra, believing it to be merely a meristic variation
from that type, in the same way that Decametrocrinus 1s a meristic
variation from Pentamctrocrinus. X specimen of [lcliometra
marima, taken off the southern part of Sakalin Island. appears to
corroborate my views as to the origin of Promachocrinus from
Heliometra, or some very similar form. This specimen has twelve
arms, arising from six costal axillaries, which in turn rest upon SIX
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first costals; the radials are, unfortunately, concealed. This twelve-
armed condition 1s not due to the addition of an extra ray with a
six-raved rosette and six basal rays. as o the case of the six-rayed

wmdividuals of Zropionictia carinata. for two of the costal series
are found between two of the small tubercles representing the ends
of the basal rays. showing that these two series either both spring
from a single radial or from a divided primitive radial.  These
costal series are also closely erowded. with their axes approximately
at right angles, the adjacent sides of the first costals projecting
considerably from the centro-dorsal. the opposite sides mainly con-
cealed beneath it. The arms borne by these two costal series and
the arms on the four other costal series are normal i strocture:
but the outer arm of the left-hand one of the double costal series
has the first brachial fused with the axillary of the adjacent eostal
series, the second brachial fused with the dorsal surface of the first
brachial and lower part of the secoud
brachial of the same series. with its pin-
nule arising from a point over the sec-
ond brachial of the normal arm. and its
third and fourth brachials (svzygial
pair) fused with the lateral edge of the
second brachial of the normal arm: the
remaining brachials of the two arms arve
free.

The oniy other recorded case where
Fio. 5—HELIOMETRA MaXIMA: WITH  tywo costal =eries arize from a >illgle
;‘:\;;:;;FRID BOOTE TR adial is recorded by Dr. . H. Carpen-

ter i Cowaster  dlata  (Letinometra
puliehella) o but here the radial bears two costal series which are
smaller than the others, while 1o the <pecimen of elioietra
eschrichtil the two costal series are just as well developed as the
normal ones.

I consider this specimen of Zleliometia marina to be a variation
toward the condition found in romechocrinns: and it seems to
show that Proniachocrinus may be derived from lcliometra by a
simple division. or doubling. of the radials at an early stage of
orowth. each resultaut half of the primitive radial being of equal
vegetative power.  The basal vays of the adult Zromachocrinus lie
under one of a pair of radials, instead of hetween the pairs. as
would naturally be expected. this change in position possibly oc-
curring through a predominance of pressure on one side of the anal
plate as the latter 1= lifted out from between the radials

o Decametrocrinns, the ends of the basal rays are visible between
the pairs of radials, and not under one of them. as in Promachocrinus.
This suggests a fundamentally different condition in the early stages
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of Decametrocrinus from that found in Promachocrinus. In Helio-
metra. as  ntedon bifida. the only plate separating the radials in
the young is the anal. and it is possibly to the resorption of this plate
and the subsequent filling up of the vesultaut cap that the torsion
of the calyx in Promachocrinns is dues there s no such torsion in
Decametrocrinus; might not the inference be made that in the yvonng
a sinilar plate occupied «// the interradial areas? We get this state
of aftaivs in Zhanmcatocrinis, which T have already shown resembles
the Pentametrocrinidae (Zentumetrocrinns and Decametrocrinns) in
arm struetnre:; and it may well be that the voung of Pentametio-
crinus and Decametrocrinis will be found to be very similar to. or
identical with. 7Thawmatocidans.

My, Springer has recorded a number of abuormmal arm structures
i Cintacirinns socialis, and it 1s interesting (o compare these with
similar cases among rvecent comatulids.  In 7dtacrinus the lower
pinnnles are arranged somewhat differently from what they are in
most comatulids: the first 1s on the onter side of the second joint from
the costal axillary, the next on the inner side of the fonrth joint. then
on the outer side of the fifth, the inner side of the seventh, and then
alternately on every joint (except hypozygals of syzygial pairs).
This is not such an anomalous arrangement as it may secm at first
sight, for it really means that the first two joints bevond the costal
axillavy are distichals. not true brachials, the joint corresponding to
the distichal axillary merely bearing a pinnnle. not another arm.
This is shmilar to the case in Ewdiocrinus (as vestrieted), in which
genus the eostal »axillary ™ hears a pinnule instead of the second
arm.  The true free avm i intaciinus, therefore, starts at the third
joint from the costal axillary. this being i reality the first free
Lrachial: the fourth and fifth free brachials (sixth and seventh joints
from the costal axillary) appear to form the first syzygial pan.  In
most comatulids the thivd and fourth free bhrachials constitute the
first svzygial pair: but it need not surprise us to find the first brachial
syzyey in Uintacrinus one joint farther on. as in ils nearest relatives.
the Comasterida. the position of the first brachial syzyey is. according
to species, between the lirst and second. second and third. or third and
fourth brachials. while in the Pentametrocrinida the fivst syzygy is
hetween the fourth and fifth free brachials, just as in Cidocrinis.

Considering the first two joints bevond the costal axillary as in
reality distichals, we should expect to find that occasionally an arm
was developed here. instead of the more common pinule: and M.
Springer (Plate vi. fig. 9) fieures a spechnen in which this condition
occurs.  The left arm of this distichal pair has a pinnule on the first
joint bevond the distichal axillary, but this is due to the omission of
the preceding joint : this joint corresponds to the axillary of a palmar
series, the free brachials beginning at the next joint.
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In a genus in which the distichal = axillary ™ commonly bears a
pinnule instead of a second arm, one might expect to find individuals
in whieh the costal axillary was smularly altered: Mr. Springer
(Plate vi, fig. 8) figures a case in which the second costal bears a
pinnule: the two distichals are present as usual, the second bearing
a pinnule on the opposite side from that of the second costal.

A rather peculiar condition is figured (Plate vi, fig. 7) where ap-
parently the distichal pinnule 1s on the mside instead of the outside
of the arm: i other words, the two offshoots from the second dis-
tichal, the wrm and the pinnule, have exchanged places: this speci-
wzen 1s further abnormal in lacking the first distichal.

The distichal series of two joints of which the second is not an
axillary, but bears a pinnule, Like the second costal i Eudiocrinus,
would seem to be a retrogressive character, as in all other comatulids
the second distichal  (or fourth when doubled—i. e.. (344)) 1s
axillary, just as the simple pinnule-hearing second costal of Audio-
crinus appears to be retrogressive; we should, therefore, expect that
m the voung Cintacrinns the second costal would appear more like
an axillary than i the adult.  On consulting Plate 1, fig. 4, and
Plate vi, fig. 4, we find this to be the ecase: the second distichal has
distinetly the appearance of an axillary joint.




